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METHOD FOR GENERATING A TRIE HAVING A REDUCED NUMBER OF TRIE 
= ~~~ ~ BLOCKS 

TECHNICAL FIELD 

[0001] Embodiments of the invention are generally related to the field of computer 
networking and, in particular, to generating a trie having a reduced number of trie blocks. 

BACKGROUND 

[0002] A network is a group of two or more computer systems linked by wired or 
wireless connections. Data, typically in the form of a packet, is transmitted from a source 
computer system at which the packet originates, to a destination computer system. 
Examples of source and destination computer systems include a desktop computer, a 
personal digital assistant, or a mobile or laptop computer. The computer systems in a 
network are commonly referred to as nodes. 

[0003] A packet typically travels through intermediate computer systems during 
transmission. An example of an intermediate computer system is a router. A router is a 
packet-forwarding device that receives a packet and determines a next node, commonly 
referred to as a next hop, to which to forward the packet on the route to its destination. 
[0004] To determine a next hop, the router typically searches its routing table. In 
general, a routing table is a data structure that includes a plurality of entries, which are 
searched via prefixes. Associated with each prefix is the address of the computer system 
that is the next hop. When a packet arrives at a router, a search algorithm typically 
identifies the packet's destination address, and searches for a prefix that matches the 
destination address. When the algorithm identifies the matching prefix, the packet is 
forwarded to the next hop associated with that prefix. 
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[0005] A routing table may be implemented as a trie. A trie is a tree data structure made 
up of trie blocks. In general, prefixes to be added to a routing table are divided into 
portions, e.g., a 32-bit prefix may be divided into a first portion comprising the first 14 
bits of the prefix, a second portion comprising the next 6 bits, a third portion comprising 
the next 3 bits, a fourth portion comprising the next 5 bits and a final portion comprising 
the last 4 bits. This may be described as a 14-6-3-5-4 trie structure. The size of each 
portion of the prefix depends on the size of the trie block that corresponds to that portion. 
Thus, the first portion, referred to herein as the root portion, is 14 bits long, which 
corresponds to the size of a 14-bit trie block, referred to herein as a root trie block, for the 
root portion. A prefix may be divided into any number of portions, the size of which may 
be any number of bits according to the size of the corresponding trie block. 
[0006] Each portion of a prefix corresponds to a matching index in the trie block for that 
portion, and each index identifies a trie entry. The trie entry, referred to herein as the root 
trie entry, identified by the index that matches the root portion of the prefix includes a 
pointer to another trie block, referred to herein as a linked trie block. The trie entries of 
the linked trie block, referred to herein as linked trie entries, are identified by indexes that 
match the next portion of each prefix that begins with the same root portion (see Fig. 1). 
[0007] Thus, an index in the linked trie block matches the portion of the prefix following 
the root portion, and that index identifies a linked trie entry. A linked trie entry may 
include a next hop pointer, a next trie block pointer, or both. If the index identifying the 
linked trie entry matches the last portion of the prefix, the linked trie entry will include a 
next hop pointer that points to the address of the next hop associated with the prefix. 
However, if the index identifying the linked trie entry matches an intermediate portion 
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between the root portion and the last portion of the prefix, the linked trie entry will 
include a next trie block pointer to a next linked trie block. Finally, the linked trie block 
may include a next hop pointer and a next trie block pointer, if the index identifying the 
linked trie entry matches the last portion of one prefix stored in the trie, but matches an 
intermediate portion of a longer prefix stored in the trie. 

[0008] When searching for a next hop address in a trie, a search algorithm searches the 
root trie block corresponding to the size of the root portion of the address for a root trie 
entry identified by the index that matches the root portion of the address. Once the 
algorithm finds this root trie entry, the algorithm determines whether the root trie entry 
points to a next hop and/or a next trie block, and accesses the next hop address or the 
linked trie block, as applicable. The algorithm continues to search until a trie entry 
provides neither a linked trie block nor a next hop, or provides a next hop but not a linked 
trie block. At that point, the trie entry identified by the index that matches the latest 
portion of the address and points to a next hop address, is the trie entry that provides the 
next hop (see Fig. 2 described below). 

[0009] Each time the search algorithm accesses a different trie block, the algorithm 
executes a memory access. For example, a 14-6-3-5-4 trie structure includes five trie 
blocks, and thus may involve up to five memory accesses to find a next hop. The number 
of memory accesses executed to determine a next hop affects a router's performance. As 
the number of memory accesses increases, so does the amount of time used to determine 
the next hop and the amount of memory used. Thus, searching a large number of trie 
blocks negatively impacts a router's performance. Consequently, reducing the number of 
trie blocks searched would improve a router's performance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention are illustrated by way of example, and not by way 
of limitation, in the figures of the accompanying drawings in which like reference 
numerals refer to similar elements. 

Fig. 1 is an illustration of adding an entry to a routing table implemented as a trie 
data structure. 

Fig. 2 is an illustration of an example search of a trie data structure. 

Fig. 3 is a flow diagram illustrating an example embodiment of a method of 
generating a trie data structure having a reduced number of trie blocks. 

Fig. 4 is an illustration of an example embodiment of a trie data structure having a 
reduced number of trie blocks. 

Fig. 5 is an illustration of another example embodiment of a trie data structure 
having a reduced number of trie blocks. 

Fig. 6 is an illustration of yet another example embodiment of a trie data structure 
having a reduced number of trie blocks. 

Fig. 7 is an illustration of an additional example embodiment of a trie data 
structure having a reduced number of trie blocks. 

Fig. 8 is a flow diagram illustrating an example embodiment of a method of 
searching a trie data structure having a reduced number of trie blocks. 

Fig. 9 is an illustration of an example embodiment of searching a trie data 
structure having a reduced number of trie blocks. 

Fig. 10 is a block diagram illustrating one embodiment of an electronic system. 
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DETAILED DESCRIPTION 

[0010] A method of generating a trie having a reduced number of trie blocks is described. 
In the following description, for purposes of explanation, numerous specific details are 
set forth. It will be apparent, however, to one skilled in the art that embodiments of the 
invention can be practiced without these specific details. In other instances, structures 
and devices are shown in block diagram form in order to avoid obscuring the 
understanding of this description. 

[0011] An algorithm identifies a prefix to be to be added to a trie. The algorithm 
separates the prefix into portions having sizes based, at least in part, on sizes related to 
trie blocks in the trie. The algorithm indicates in a trie entry of a first trie block, wherein 
a first portion of the prefix identifies the trie entry, that a second portion of the prefix is 
stored in a trie entry in the first trie block or a linked trie block. The portion of the prefix 
stored in a trie entry is referred to herein as the trie-entry portion of the prefix, and the 
trie entry in which the trie-entry portion is stored is referred to herein as the pruned-trie 
entry. The algorithm also indicates in the trie entry of the first trie block a location of a 
linked trie block, and stores the trie-entry portion in the pruned-trie entry. In addition, the 
algorithm indicates in the pruned-trie entry the position the trie-entry portion occupies in 
the prefix relative to other portions of the prefix. 

[0012] Fig. 1 is an illustration of an example of adding a trie entry to a routing table 
implemented as a trie data structure. Trie data structure 100 includes root trie block 110 
and linked trie blocks 120, 130 and 140. The 40-bit prefix 3FFF020304 (10) in this 
example is in hexadecimal format, meaning that each bit represents four bits. The prefix 
is divided into a 16-bit root portion 20 and three 8-bit portions 30, 40 and 50. The size of 
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each portion corresponds to the size of a trie block for that portion. The root trie block 
may correspond to any size first portion of the prefix, whether determined beginning at 
the left-most bit (commonly referred to as big-endian representation) or at the right-most 
bit of the prefix (commonly referred to as little-endian representation). 
[0013] The index 3FFF in root trie block 110 matches root portion 20. Because root 
portion 20 is not the last portion of prefix 10, pointer 1 14 points to linked trie block 120, 
which stores data for the next portions of prefixes that share 3FFF as their root portion. 
That is, each trie entry in a trie block points to a different linked trie block, which stores 
data for the next portions of each prefix containing the portion that matches the index 
identifying the trie entry. 

[0014] Index 02 in linked trie block 120 matches second portion 30. Because second 
portion 30 is not the last portion of prefix 10, pointer 124 points to linked trie block 130, 
which stores data for the next portions of prefixes that share 3FFF as their root portion 
and 02 as the portion following the root portion. Similarly, index 03 in linked trie block 
130 matches third portion 40. Because third portion 40 is not the last portion of prefix 
10, pointer 134 points to linked trie block 140, which stores data for the next portions of 
prefixes that share 3FFF as their root portion, 02 as their second portion and 03 as their 
third portion. Index 04 in linked trie block 140 matches fourth portion 50. Because 
fourth portion 50 is the last portion of prefix 100, pointer 144 points to next hop address 
150. 

[0015] Fig. 2 is an illustration of an example search of a routing table implemented as a 
trie data structure. If a packet has a destination address of 3FFF020306070809 (200) in 
hexadecimal format, the algorithm finds index 3FFF in root trie block 1 10 that matches 
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root portion 202. Trie entry 112 identified by index 3FFF includes pointer 1 14, which 
points to linked trie block 120. Index 02 in trie block 120 matches portion 204. Trie 
entry 122 identified by index 02 includes linked trie block pointer 124, which points to 
linked trie block 130. 

[0016] Index 03 in trie block 130 matches portion 206. Trie entry 132 identified by 
index 03 includes linked trie block pointer 134, which points to linked trie block 140, and 
next hop pointer 136, which points to next-hop address 160. Index 06 in trie block 140 
matches portion 208. Trie entry 148 identified by index 06 does not include a next hop 
pointer or a next trie pointer. Consequently, there is no match for 06 or the remainder of 
the address, i.e., 070809. Thus, the prefix 0x3FFF0203 is used to route this address, and 
trie entry 132 corresponding to the latest matching portion of the address, i.e., 03, 
provides the next-hop address. 

[0017] If the last portion of address 200 in Fig. 2 had been 04, trie entry 146 identified by 
index 04 would include a next hop pointer but no next trie pointer. Thus trie entry 146 
would provide the next-hop address. In any event, whether the last portion of the address 
is 06 or 04, the algorithm makes four memory accesses, because of the four trie blocks. 
Reducing the number of trie blocks would reduce the number of memory accesses and 
speed up determining the next hop. In addition, reducing the number of trie blocks would 
also reduce the amount of memory used, thereby, among other things, allowing more 
entries in a routing table, reducing circuit board size (or chip size) because less memory 
is needed, and reducing power consumption. 

[0018] Fig. 3 is a flow diagram illustrating an example embodiment of a method of 
generating a trie data structure having a reduced number of trie blocks. At 302 of method 



042390.P16525 



-7- 



Express Mail No. EV325526422US 



300, an algorithm identifies a prefix to be added to a trie data structure. The algorithm 
may identify the prefix in any manner known in the art. 

[0019] At 304, the algorithm separates the prefix into portions, where the sizes are 
related to the trie blocks in the trie to which the prefix is to be added. The prefix may be 
divided into any number of portions, the size of which may be any number of bits 
according to the size of the corresponding trie block. For example, the Internet Protocol 
(IP) is a protocol for routing packets, and in IP version 4 (IPv4), a 32-bit prefix may be 
divided into a 16-4-4-4-4 trie structure. In IPv6, for example, a 64-bit prefix may be 
divided into a 16-8-8-8-8-8-8 trie structure. See, e.g., Internet Engineering Task Force 
(IETF) Request for Comments (RFC) 1812, "Requirements for IP Version 4 Routers," 
June 1995; IETF RFC 2460, "Internet Protocol, Version 6 (IPv6) Specification," 
December 1998. 

[0020] At 306, the algorithm stores a portion of the prefix, referred to herein as the trie- 
entry portion, in a pruned-trie entry. The trie-entry portion would otherwise relate to a 
matching index in a trie block corresponding to the size of the trie-entry portion. The 
trie-entry portion may be the next portion following the root portion of the prefix (see, 
e.g., Fig. 4, Fig. 5 and Fig, 6). In addition, the trie-entry portion may be the next portion 
of the prefix following a portion other than the root portion (see, e.g., Fig. 7); a portion of 
the prefix other than the root portion is also referred to herein as a non-root portion. 
Furthermore, the trie-entry portion may be followed by another portion of the prefix that 
is not a trie-entry portion, which may be followed by another trie-portion (see, e.g., Fig. 
6). The trie-entry portion may be stored in the pruned-trie entry of a linked trie block. 
The trie-entry portion may also be stored in a pruned-trie entry of the trie block 
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corresponding to portion of the prefix preceding the trie-entry portion, where the portion 
of the prefix preceding the trie-entry portion identifies the pruned-trie entry. 
[0021] For purposes of illustration and ease of explanation, method 300 is described in 
terms of storing one portion of a prefix in the pruned-trie entry. However, more than one 
portion of a prefix may be stored in a pruned-trie entry. That is, any number of portions 
of the prefix, which would otherwise relate to matching indexes in separate trie blocks 
that correspond to the size of each portion, may be stored in a pruned-trie entry (see, e.g., 
Fig. 7). In addition, a trie block can have more than one pruned-trie entry. 
[0022] At 308, the algorithm indicates the position the trie-entry portion occupies within 
the prefix relative to the other portions of the prefix. In one embodiment, the algorithm 
adds to the pruned-trie entry a range of bit positions that corresponds to the bit positions 
the trie-entry portion occupies within the prefix. In an alternative embodiment, the 
algorithm adds to the pruned-trie entry a mask that indicates the bit positions the trie- 
entry portion occupies within the prefix. Thus, in one embodiment, a pruned-trie entry 
includes the trie-entry portion of the prefix and an indication of the position the trie-entry 
portion occupies within the prefix. 

[0023] At 310, the algorithm indicates, in a trie entry of a trie block, that the trie-entry 
portion is stored in the pruned-trie entry, where the trie block corresponds to the portion 
of the prefix that precedes the trie-entry portion, and the trie entry is identified by an 
index that matches the portion of the prefix that precedes the trie-entry portion. In one 
embodiment, the algorithm sets a value, referred to herein as a pruning value, to indicate 
that the trie-entry portion is stored in the pruned-trie entry, where the pruning value is a 
bit that is set to 1 (or 0) to indicate that a portion of the prefix is stored in a pruned-trie 
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entry, or set to 0 (or 1) to indicate that no pruning has occurred. However, the pruning 
value is not limited to being a bit, for example, the pruning value may be the trie-entry 
portion itself stored in the trie entry identified by the index that matches the portion of the 
prefix that precedes the trie-entry portion, a pointer to the pruned-trie entry in a linked 
trie block, or a memory address indicating the location of the pruned-trie entry. 
[0024] At 3 12, the algorithm indicates the location of a linked trie block. In one 
embodiment, a pointer in a trie entry is set to indicate the location of the linked trie block. 
However, the location of the linked trie block is not limited to being indicated by a 
pointer, for example, an identifier may be used to indicate the address of the linked trie 
block. 

[0025] As explained previously, each trie entry in a trie block points to or otherwise 
indicates a different trie block, because all of the next-hop and next trie block information 
for the next portions of the prefixes that contain the portion that matches the index are 
stored in the same trie block. Thus, it is possible that a trie entry may already indicate a 
linked trie block, e.g., data for a 24-bit prefix is added to a 16-bit root trie block that 
points to an 8-bit linked trie block, and thus no portion of the prefix was stored as a trie- 
entry portion in the linked trie block. In that case, because the linked trie block is already 
indicated, the algorithm need not indicate the location of linked trie block. 
[0026] At 314, the algorithm indicates in a linked trie entry of a linked trie block the 
location of the next-hop address associated with the prefix, where the trie entry is 
identified by an index matching the final portion of the prefix. In one embodiment, a 
pointer in the next-hop field of the trie entry is set to indicate a location of the next-hop 
address. However, indication of the next-hop address is not limited to a pointer, for 
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example, a device address of a computer system along the route to the packet's 
destination, i.e., the address of an intermediate computer system or the address of the 
destination computer system itself, may be added to the next-hop field of the root trie 
entry to indicate the next-hop address. 

[0027] Fig. 4 is an illustration of an example embodiment of a trie data structure having a 
reduced number of trie blocks. As compared to Fig. 1, trie data structure 400 includes 
root trie block 410 and linked trie block 420, rather than trie blocks 110, 120, 130 and 
140. Trie entry 412 is identified by index 3FFF, which matches root portion 20. Pruning 
value 41204 is a bit set to 1, to indicate that the pruned-trie entry of the indicated linked 
trie block should be searched, and linked trie-block pointer 414 points to linked trie block 
420. 

[0028] Second portion 30 and third portion 40 have been stored as trie-entry portion 
42202 in pruned-trie entry 422. In addition, mask 42204, i.e., the value 0x3, indicates 
that second portion 30 and third portion 40 occupy bit positions 16-31 from the left in 
prefix 10, where the first bit position from the left is bit position 0. Finally, next-hop 
pointer 426 in linked trie entry 424 identified by the index 04, which matches final 
portion 50, points to next-hop address 430. Therefore, a trie is generated having a 
reduced number of trie blocks relative to current tries. This reduces the number of 
memory accesses to determine a next hop, and increases the speed of determining the 
next hop. This also reduces the amount of memory used, thereby, among other things, 
allowing more entries in a routing table, reducing circuit board size (or chip size) because 
less memory is needed, and reducing power consumption. Reducing the number of 
memory accesses and the amount of memory used improves the performance of a router 
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or other device, e.g., a switch, a hub or a bridge, that determines a next node to which to 
forward a packet on the route to its destination. 

[0029] Fig. 5 is an illustration of another example embodiment of a trie data structure 
having a reduced number of trie blocks. Trie data structure 500 includes root trie block 
510, linked trie block 520, which is the linked trie block for prefixes having 3FFF as the 
root portion, trie block 530, which is the linked trie block for prefixes having 02, 03 and 
03 as their second, third and fourth portions, respectively, and trie block 540, which is the 
linked trie block for prefixes having 02, 03 and 04 as their second, third and fourth 
portions, respectively. Trie entry 512 is identified by index 3FFF, which matches root 
portion 5002 of prefix 5000 and root portion 5052 of prefix 5050. Pruning value 51204 
is a bit set to 1, to indicate that the pruned-trie entry of the indicated linked trie block 
should be searched, and linked trie-block pointer 51206 points to linked trie block 520. 
[0030] Second portions 5004 and 5054, and third portions 5006 and 5056 have been 
stored as trie-entry portion 52202 in pruned-trie entry 522. In addition, mask 52204, i.e., 
the value 0x3, indicates that second portions 5004 and 5054, and third portions 5006 and 
5056 occupy bit positions 16-31 from the left in prefixes 5000 and 5050, respectively, 
where the first bit position from the left is bit position 0. 

[0031] Next-trie block pointer 52406 in linked trie entry 524 identified by the index 03, 
which matches fourth portion 5008, points to next trie block 530, while next-hop pointer 
53402 in linked trie entry 534 identified by the index 05, which matches final portion 
5010, points to next-hop address 53406. Similarly, next-trie block pointer 52606 in 
linked trie entry 526 identified by the index 04, which matches fourth portion 5058, 
points to next trie block 540, while next-hop pointer 54402 in linked trie entry 544 
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identified by the index 07, which matches final portion 5060, points to next-hop address 
54406. 

[0032] Fig. 6 is an illustration of yet another example embodiment of a trie data structure 
having a reduced number of trie blocks. Trie data structure 600 includes root trie block 
610, linked trie block 620, which is the linked trie block for prefixes having 3FFF as the 
root portion, trie block 630, which is the linked trie block for prefixes having 02, 03 and 
03 as their second, third and fourth portions, respectively, and trie block 640, which is the 
linked trie block for prefixes having 02, 03 and 04 as their second, third and fourth 
portions, respectively. Trie entry 612 is identified by index 3FFF, which matches root 
portion 6002 of prefix 6000 and root portion 6052 of prefix 6050. Pruning value 61204 
is a bit set to 1, to indicate that the pruned- trie entry of the indicated linked trie block 
should be searched, and linked trie-block pointer 61206 points to linked trie block 620. 
[0033] Second portions 6004 and 6054, and third portions 6006 and 6056 have been 
stored as trie-entry portion 62202 in pruned-trie entry 622. In addition, mask 62204, i.e., 
the value 0x3, indicates that second portions 6004 and 6054, and third portions 6006 and 
6056 occupy bit positions 16-31 from the left in prefixes 6000 and 6050, respectively, 
where the first bit position from the left is bit position 0. 

[0034] Pruning value 62404 in linked trie entry 624 identified by the index 03, which 
matches fourth portion 6008, is a bit set to 1, to indicate that the pruned-trie entry of the 
indicated linked trie block should be searched. By contrast, the pruning value in linked 
trie entry 626 identified by the index 04, which matches portion 6058, is not set, which 
indicates that the pruned-trie entry of the indicated linked trie block need not be searched. 
Fifth portion 6010 and sixth portion 6012 of prefix 6000 have been stored as trie-entry 
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portion 63202 in pruned-trie entry 632 of trie block 630. In addition, mask 63204, i.e., 
the value 0x18, indicates that fifth portion 6010 and sixth portion 6012 occupy bit 
positions 40-55 in prefix 6000. 

[0035] Next-trie block pointer 62406 in linked trie entry 624 points to next trie block 
630, while next-hop pointer 63402 in linked trie entry 634 identified by the index 05, 
which matches fifth portion 6010, points to next-hop address 63406. Similarly, next-trie- 
block pointer 62606 in linked trie entry 626 points to next trie block 640, while next-hop 
pointer 64402 in linked trie entry 644 identified by the index 07, which matches final 
portion 6060, points to next-hop address 64406. 

[0036] Fig. 7 is an illustration of an additional example embodiment of a trie data 
structure having a reduced number of trie blocks. Trie data structure 700 includes root 
trie block 710, linked trie block 720, which is the linked trie block for prefixes having 
3FFF as the root portion, trie block 730, which is the linked trie block for prefixes having 
03 as their second portion, and trie block 740, which is the linked trie block for prefixes 
having 04 as their second portion. Trie entry 712 is identified by index 3FFF, which 
matches root portion 7002 of prefix 7000 and root portion 7052 of prefix 7050, has linked 
trie-block pointer 71206 points to linked trie block 720. 

[0037] Pruning value 72404 in linked trie entry 724 identified by the index 03, which 
matches second portion 7004 of prefix 7000, is a bit set to 1, to indicate that the pruned- 
trie entry of the indicated linked trie block should be searched. Third portion 7006 and 
fourth portion 7008 have been stored as trie-entry portion 73202 in pruned-trie entry 732 
of trie block 730. In addition, mask 73204, i.e., the value 0x6, indicates that third portion 
7006 and fourth portion 7008 occupy bit positions 24-39 in prefix 7000. 
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[0038] Similarly, pruning value 72604 in linked trie entry 726 identified by the index 04, 
which matches second portion 7054 of prefix 7050, is a bit set to 1, to indicate that the 
pruned-trie entry of the indicated linked trie block should be searched. Third portion 
7056 of prefix 7050 has been stored as trie-entry portion 74202 in pruned-trie entry 742 
of trie block 740. In addition, mask 74204, i.e., the value 0x2, indicates that third portion 
7006 occupies bit positions 24-31 in prefix 7050. 

Next-trie block pointer 72406 in linked trie entry 724 points to next trie block 730, while 
next-hop pointer 73402 in linked trie entry 734 identified by the index 05, which matches 
final portion 7010, points to next-hop address 73406. Similarly, next-trie block pointer 
72606 in linked trie entry 726 points to next trie block 740, while next-hop pointer 74402 
in linked trie entry 744 identified by the index 07, which matches final portion 7058, 
points to next-hop address 74406. 

[0039] Fig. 8 is a flow diagram illustrating an example embodiment of a method of 
searching a trie data structure having a reduced number of trie blocks. At 802 of method 
800, an algorithm identifies in a data packet an address of a network device. In one 
embodiment, the address is a destination address. However, the address is not limited to 
a destination address, e.g., the address may be a source address. In one embodiment, the 
address is an IPv6 address. However, the address is not limited an IPv6 address in 
particular, e.g., the address may be an IPv4 address, nor is the address limited to an IP 
address in general. The algorithm may identify the prefix in any manner known in the 
art. 

[0040] At 804, the algorithm locates in a root trie block an index that matches the root 
portion of the address. The index corresponds to a root portion of a prefix stored in the 
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trie and identifies a root trie entry. For purposes of illustration and ease of explanation, 
method 800 is described in terms of a trie-entry portion that begins with the first portion 
of the prefix following the root portion. However, method 800 is not limited to a trie- 
entry portion that begins with the portion of the prefix following the root portion. That is, 
the trie-entry portion may begin with a portion of the prefix other than the portion 
following the root portion, see e.g., Fig. 6 and Fig. 7. 

[0041] At 806, the algorithm determines whether the pruning value in the root trie entry 
identified by the matching index indicates, e.g., based on a pruning value set to 1, that a 
trie-entry portion of the prefix whose root portion matches the index is stored in a 
pruned-trie entry of a linked trie block. For purposes of illustration and ease of 
explanation, method 800 is described in terms of a bit as a pruning value to indicate that 
the trie-entry portion is stored in a pruned-trie entry. However, method 800 is not limited 
to a bit as a pruning value, e.g., the pruning value may be the trie-entry portion itself 
stored in the trie entry identified by the index that matches the portion of the prefix that 
precedes the trie-entry portion, a pointer to the pruned-trie entry in a linked trie block, or 
a memory address indicating the location of the pruned-trie entry. 
[0042] If the root trie entry indicates that a portion of the prefix is stored in a pruned-trie 
entry of a linked trie block, at 808 the algorithm determines from the root trie entry the 
location of the pruned-trie entry. In one embodiment, the pruned-trie entry is located in a 
linked trie block, and a pointer in the next trie-block field of the root trie entry is set to 
indicate the location of the linked trie block. The location of the linked trie block is not 
limited to being indicated by a pointer, for example, a memory address of the linked trie 
block may be added to the next trie-block field of the root trie entry to indicate the 
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location of the linked trie block. In another embodiment, the pruned-trie entry is located 
in the root trie block, or other trie block corresponding to the portion of the address that 
precedes the trie-entry portion, and the portion of the address that precedes the trie-entry 
portion identified the location of the pruned-trie entry. For purposes of illustration and 
ease of explanation, method 800 is described in terms of a linked trie block as the 
location of the pruned-trie entry. At 810, the algorithm accesses the linked trie block. 
[0043] At 812, the algorithm determines whether a trie-entry portion in a pruned-trie 
entry of the linked trie block matches a portion of the address following the root portion. 
For purposes of illustration and ease of explanation, method 800 is described in terms of 
determining whether one portion of a prefix matches a corresponding portion of an 
address. However, the determination may be whether more than one portion of a prefix 
matches corresponding portions of the address. If the trie-entry portion does not match 
the portion of the address following the root portion, at 820, the algorithm determines 
from the root trie entry the address of a next hop to which to forward the data packet. 
Thus, the failure of that portion of the address to match the trie-entry portion indicates 
that a prefix matching the packet's address has not been stored in the trie. 
[0044] Conversely, if at 812 a trie-entry portion matches the portion of the address 
following the root portion, at 814 the algorithm determines whether a linked trie entry in 
the linked trie block, which is identified by a portion of the prefix following the trie-entry 
portion, indicates a next hop address. In one embodiment, a pointer in the next-hop field 
of the trie entry is set to indicate a location of the next-hop address. However, indication 
of the next-hop address is not limited to a pointer, for example, a device address of a 
computer system along the route to the packet's destination, i.e., the address of an 
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intermediate computer system or the address of the destination computer system itself, 
may be added to the next-hop field of the root trie entry to indicate the next-hop address. 
[0045] If the linked trie entry does not indicate a next hop, at 820 the algorithm 
determines the next hop address from the root trie entry. Thus, the failure of the linked 
trie entry to indicate a next hop address means that a prefix matching the packet's address 
has not been stored in the trie. Conversely, if the linked trie entry indicates a next hop 
address, at 816 the algorithm determines the next hop address from the linked trie entry. 
In one embodiment, a pointer in the next-hop field of the trie entry is set to indicate a 
location of the next-hop address. However, indication of the next-hop address is not 
limited to a pointer, for example, a device address of a computer system along the route 
to the packet's destination, i.e., the address of an intermediate computer system or the 
address of the destination computer system itself, may be added to the next-hop field of 
the root trie entry to indicate the next-hop address. 

[0046] Returning to 806, if the root trie entry indicates, e.g., based on a pruning value set 
to 0, that no portion of the prefix is stored in a pruned-trie entry, at 830 the algorithm 
determines whether the root tire entry indicates the location of a linked trie block. If the 
root trie entry does not indicate the location of a linked trie block, at 820, the algorithm 
determines from the root trie entry the address of the next hop. 
[0047] Conversely, if at 830 the root entry indicates a linked trie block, at 832 the 
algorithm accesses the linked trie block. At 834, the algorithm determines whether a 
linked trie entry identified by an index that matches an intermediate portion of the 
address following the root portion, rather than by an index that matches the last portion of 
the address following the trie-entry portion as described above, indicates a next hop 
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address. If the linked trie entry does not indicate a next hop address, at 820 the algorithm 
determines from the root trie entry the next hop address. However, if the linked trie entry 
indicates a next hop address, at 836 the algorithm determines the next hop address from 
the linked trie entry. 

[0048] Method 800 is described in terms of a trie data structure consisting of two trie 
blocks, i.e., the root trie block and a linked trie block, and determining the next hop from 
a root trie entry in the root trie block, or from a linked trie entry in the linked trie block. 
However, method 800 may be used with a trie data structure having more than two trie 
blocks, see, for example, Figs. 5, 6 and 7. 

[0049] Fig. 9 is an illustration of an example embodiment of searching a trie data 
structure having a reduced number of trie blocks. As in Fig. 2, an algorithm identifies a 
packet's destination address as 3FFF020306 (200) in hexadecimal format. In Fig. 9, 
index 3FFF in root trie block 410 matches root portion 202 and identifies root trie entry 
412. The algorithm determines from pruning value 41204 that a portion of the prefix that 
has 3FFF as the root portion is stored in a pruned-trie entry. Next trie pointer 414 points 
to linked trie block 420, and thus the algorithm accesses linked trie block 420. 
[0050] Because pruning value 41204 indicates that a portion of the prefix is stored in a 
pruned-trie entry, the algorithm searches the pruned entries of linked trie block 420. The 
algorithm determines from mask 42204, i.e., the value 0x3, that trie-entry portion 42202 
occupies bit positions 16-31 from the left in its prefix, where the first bit position from 
the left is bit position 0. The algorithm determines that trie-entry portion 42202 matches 
second portion 204 and third portion 206, which occupy corresponding bit positions in 
address 200. 
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[0051] Because there is a match, the algorithm determines whether a linked trie entry 424 
identified by index 06, which matches fourth portion 208 of address 200, indicates a next- 
hop address. Linked trie entry 424 does not indicate a next-hop address. Thus, trie entry 
412, which includes next-hop pointer 41202 that points to next-hop address 440, indicates 
the next hop. 

[0052] For purposes of illustration and ease of explanation, method 300 and method 500 
have been described in terms of storing a prefix to a trie data structure and searching for 
an address that matches a prefix in a trie data structure. However, method 300 and 
method 500 may be used to store any data in a trie data structure having a reduced 
number of trie blocks, and search for any data in such a trie data structure. For example, 
by way of illustration, and not for purposes of limitation, method 300 may be used to 
store a plurality of words in a trie data structure having a reduced number of trie blocks, 
and ultimately indicate a definition, correct spelling, synonym, etc., associated with each 
word, analogous to a next hop address associated with a prefix. Similarly, again by way 
of illustration, and not for purposes of limitation, method 500 may be used to search for 
words in a trie data structure having a reduced number of trie blocks, in connection with 
locating a definition, correct spelling, synonym, etc., associated with a searched word. 
[0053] Fig. 3 and Fig 8 describe example embodiments of the invention in terms of a 
method. However, one should also understand it to represent a machine-accessible 
medium having recorded, encoded or otherwise represented thereon instructions, 
routines, operations, control codes, or the like, that when executed by or otherwise 
utilized by an electronic system, cause the electronic system to perform the methods as 
described above or other embodiments thereof that are within the scope of this disclosure. 
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Moreover, the method can be implemented in digital hardware logic or in a combination 
of hardware and the machine-accessible medium having recorded, encoded or otherwise 
represented thereon instructions, routines, operations, control codes, or the like, that when 
executed by or otherwise utilized by an electronic system, cause the electronic system to 
perform the methods as described above or other embodiments thereof. 
[0054] Fig. 10 is a block diagram of one embodiment of an electronic system. The 
electronic system is intended to represent a range of electronic systems, including, for 
example, a personal computer, a personal digital assistant (PDA), a laptop or palmtop 
computer, a cellular phone, a computer system, a network access device, etc. Other 
electronic systems can include more, fewer and/or different components. The methods of 
Fig. 3 and Fig. 8 can be implemented as sequences of instructions executed by the 
electronic system. The sequences of instructions can be stored by the electronic system, 
or the instructions can be received by the electronic system (e.g., via a network 
connection). The electronic system can be coupled to a wired network, e.g., via a cable 
such as a coaxial cable or twisted-pair cable, a wireless network, e.g., via radio or satellite 
signals, or a combination thereof. 

[0055] Electronic system 1000 includes a bus 1010 or other communication device to 
communicate information, and processor 1020 coupled to bus 1010 to process 
information. While electronic system 1000 is illustrated with a single processor, 
electronic system 1000 can include multiple processors and/or co-processors. 
[0056] Electronic system 1000 further includes random access memory (RAM) or other 
dynamic storage device 1030 (referred to as memory), coupled to bus 1010 to store 
information and instructions to be executed by processor 1020. Memory 1030 also can 
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be used to store temporary variables or other intermediate information while processor 
1020 is executing instructions. Electronic system 1000 also includes read-only memory 
(ROM) and/or other static storage device 1040 coupled to bus 1010 to store static 
information and instructions for processor 1020. In addition, data storage device 1050 is 
coupled to bus 1010 to store information and instructions. Data storage device 1050 may 
comprise a magnetic disk (e.g., a hard disk) or optical disc (e.g., a CD-ROM) and 
corresponding drive. 

[0057] Electronic system 1000 may further comprise a display device 1060, such as a 
cathode ray tube (CRT) or liquid crystal display (LCD), to display information to a user. 
Alphanumeric input device 1070, including alphanumeric and other keys, is typically 
coupled to bus 1010 to communicate information and command selections to processor 
1020. Another type of user input device is cursor control 1075, such as a mouse, a 
trackball, or cursor direction keys to communicate direction information and command 
selections to processor 1020 and to control cursor movement on flat-panel display device 
1060. Electronic system 1000 further includes network interface 1080 to provide access 
to a network, such as a local area network or wide area network. 
[0058] Instructions are provided to memory from a machine-accessible medium, or an 
external storage device accessible via a remote connection (e.g., over a network via 
network interface 1080) providing access to one or more electronically-accessible media, 
etc. A machine-accessible medium includes any mechanism that provides (i.e., stores 
and/or transmits) information in a form readable by a machine (e.g., a computer). For 
example, a machine-accessible medium includes RAM; ROM; magnetic or optical 
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storage medium; flash memory devices; electrical, optical, acoustical or other form of 
propagated signals (e.g., carrier waves, infrared signals, digital signals); etc. 
[0059] In alternative embodiments, hard-wired circuitry can be used in place of or in 
combination with software instructions to implement the embodiments of the invention. 
Thus, the embodiments of the invention are not limited to any specific combination of 
hardware circuitry and software instructions. 

[0060] Reference in the foregoing specification to "one embodiment" or "an 
embodiment" means that a particular feature, structure, or characteristic described in 
connection with the embodiment is included in at least one embodiment of the invention. 
The appearances of the phrase "in one embodiment" in various places in the specification 
are not necessarily all referring to the same embodiment. 

[0061] In the foregoing specification, the invention has been described with reference to 
specific embodiments thereof. It will, however, be evident that various modifications and 
changes can be made thereto without departing from the broader spirit and scope of the 
embodiments of the invention. The specification and drawings are, accordingly, are to be 
regarded in an illustrative rather than a restrictive sense. 
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